Introduction {#S0001}
============

Metastasis is one of the major causes of therapy failure and subsequent death in patients with cervical squamous cell carcinoma (CxSCC). Moreover, lymphatic vessel invasion usually indicates metastasis and poor prognosis.[@CIT0001],[@CIT0002] Recent data have revealed that tumor-associated microenvironment is a vital determinant for the susceptibility to human papillomavirus (HPV)-related CxSCC.[@CIT0003] Tumor microenvironment factors, including the presence of cancer-associated fibroblasts (CAFs), microvessel density (MVD), vasohibin-1 (VASH1) and nestin expression in newly formed stromal vessels, have been identified as reliable biomarkers of prognostic predictors in various human malignancies, including CxSCC.[@CIT0004]--[@CIT0007]

Tumor cells require a specific microenvironment to survive and grow, and emerging data have revealed that fibroblasts could alter cancer behavior by releasing growth factors and cytokines and the dynamic extracellular matrix (ECM), which also favors tumor progression.[@CIT0008] ECM is upregulated in tumor stroma and creates the deposition of a reactive stroma; this is known as a desmoplastic reaction (DR).[@CIT0009] In recent studies, DR has been demonstrated as a successful biomarker that was shown to stratify postoperative survival.[@CIT0010],[@CIT0011] Because of the urgent need of the top biomarkers which may have the potential to enable early diagnosis, predict patient's prognosis, and facilitate the prediction of disease recurrence or metastasis.

Our study tried to investigate the prognostic value of stroma features in CxSCC. Due to the large number of histological features and small patient cohort sizes, we aimed to identify prognostic predictors that are crucial for the assessment of metastasis in CxSCC patients.

Materials and Methods {#S0002}
=====================

Patients and Tissue Specimens {#S0002-S2001}
-----------------------------

In the present study, we collected the specimens and clinicopathology data of 122 non-keratinizing CxSCC patients who underwent radical hysterectomy and pelvic lymphadenectomy at the Second Hospital of Jilin University between January 2009 and January 2013. Patients who received preoperative neoadjuvant therapy were excluded from our study. The last follow-up date was May 2018 and the mean follow-up duration is 41.25 months (range: 3--80.77 months). The end point of distant metastasis-free survival (DMFS) was calculated from the date of diagnosis of the primary tumor to the first distant metastasis occurrence. Distant metastases included the intraperitoneal disease and inguinal lymph nodes; it excluded metastases to the vagina, adnexa and pelvic serosa. This study was approved by the Ethics Committee of The Second Hospital of Jilin University (Jilin, China) (IRB approval number: 2019092). The TNM stages were assessed using the American Joint Committee on Cancer's Cancer Staging Manual, 8th edition.

Immunohistochemistry {#S0002-S2002}
--------------------

For studying protein expression in CxSCC, paraffin-embedded tissue sections were deparaffinized and incubated with antibodies against nestin (ZA-0628), CD31 (ZM-0044), CD34 (ZM-0046), smooth muscle actin (SMA) (ZM-0003) (Zhongshan Golden Bridge Biotechnology LLC, Beijing, China), and VASH1 (Cat. \#ab219790; Abcam, Cambridge, MA, USA; 1:50 dilution in PBS) and then with biotin-conjugated secondary antibody PV-9001 IHC kit (Zhongshan Golden Bridge Biotechnology LLC, Beijing, China) at 37°C for 30 min. The color reaction was performed using a 3,3′-diaminobenzidine kit (Zhongshan Golden Bridge Biotechnology LLC).

DR Categorization {#S0002-S2003}
-----------------

Hematoxylin and eosin (H&E) staining slides were used as routine pathological procedures and viewed under a light microscope at a low magnification to evaluate the myxoid stroma and "keloid-like" collagen at the tumor stroma. A median number of 2 (range, 1--10) glass slides (per case) were examined in this cohort.

Thick bundles of collagen with eosinophilic hyalinization were identified as "keloid-like" collagen.[@CIT0012] An amorphous stromal substance that comprises an amphophilic or basophilic ECM is defined as myxoid stroma.[@CIT0012] Based on the presence of keloid-like collagen or myxoid stroma, DR was histologically categorized as mature, intermediate, or immature,[@CIT0011] Immature DR was classified when stroma was observed with myxoid changes. In the ones with no myxoid stroma, the intermediate DR was identified when the "keloid-like" collagen was mixed with the mature stroma. Finally, the mature DR was classified when the stroma did not contain myxoid stroma or "keloid-like" collagen but typically contained mature collagen fibers.[@CIT0011] Two pathologists (MY and LQC) evaluated all the glass slides of the whole tumor to determine the DR pattern for each case. Previously reported the κ coefficient for intraobserver and interobserver variations in DR categorization was 0.79[@CIT0013] and 0.69,[@CIT0014] respectively.

Microvessel Density, CAFs, and Tumor Budding {#S0002-S2004}
--------------------------------------------

Tissue sections were visualized under low magnification (40× and 100×), and intratumoral microvessels were evaluated based on the vessel architecture (i.e., when the vessel architecture was lined with endothelial cells that were positively stained with anti-CD31 and anti-VASH1). The areas of the highest microvessels or "hot spots" were detected.[@CIT0004],[@CIT0006] Every slide was evaluated at three different hot-spot locations, and counted at 200× magnification.

The frequency of CAFs was evaluated by examining the entire tumor stroma and was quantitatively assessed using a five-scale scoring system as previous study.[@CIT0015] For statistical analysis, the cases with low scores were compared to the cases with high scores.[@CIT0015]

Tumor budding was defined as a small dissociation of tumor cell complexes that consisted of \<5 tumor cells in the peritumoral stroma. In recent studies,[@CIT0016]--[@CIT0018] tumor budding was detected throughout the whole tumor section and scored within the greatest budding activity. In the current study, tumor budding was classified low as 1--14 and high as ≥15 budding in 10 high-power fields (HPFs), respectively.

Statistical Analysis {#S0002-S2005}
--------------------

All statistical analyses were performed using SPSS statistical software, version 21.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were evaluated using the Mann--Whitney *U*-test, or the chi-square test was used to analyze categorical variables.

Further, significant variables (*P* \< 0.1) from the univariate analyses were included in the multivariate analyses. A multivariate Cox proportional hazards model with the stepwise Wald method was used to obtain hazard ratios for distant metastasis and to identify factors that affect DMFS. Kaplan-Meier survival curves and Log-rank tests were used to evaluate DMFS. For all analyses, *P* \< 0.05 was considered statistically significant. Analyses of interobserver variance were performed using Cohen's Kappa algorithm. As only planned hypothesis testing was performed, no corrections for multiple testing were necessary for this study.[@CIT0019]

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

The median age of the patients included in this study was 50 years-old (range: 26--76 years). Clinicopathological data of each patient, such as age at diagnosis and tumor characteristics, including TNM stage, lymph-vascular invasion (LVI), and lymph node metastases (LNM), were obtained. Follow-up data were recorded for all 122 patients. All patients received followed-up care for a mean period of 41.25 months, and the last follow-up date was May 2018. Twenty of 122 CxSCC patients (16.4%) had distant metastases which included 12 lung metastases, 6 supraclavicular lymph node metastases, and 2 bone metastases.

Associations Between Distant Metastasis and Clinicopathological Parameters {#S0003-S2002}
--------------------------------------------------------------------------

[Table 1](#T0001){ref-type="table"} shows the association between clinicopathological parameters and distant-metastasis status, and tumor budding is shown in [Figure 1](#F0001){ref-type="fig"}. Overall, our results demonstrated that distant metastasis was positively correlated with TNM stage, LVI, LNM, and tumor budding (*P* \< 0.001, *P* \< 0.001, *P* \< 0.001 and *P* = 0.012, respectively).Table 1Univariate Analysis Results for Clinicopathological Parameters for Predicting Distant MetastasisCharacteristicsAll PatientsDM*P* valueAbsent No. (%)Present No. (%)Age50.38 ± 6.849.71 ± 6.950.38 ± 6.40.773TNM stageI8378 (94.0)5 (6.0)\<0.001II99 (100)0(0.0)III3014 (46.7)16 (53.3)T stageT1a2824 (85.7)4 (14.3)0.712T1b8268 (82.9)14 (17.1)T2129 (75.0)3 (25.0)Lymph-node statusN09287 (94.6)5 (5.4)\<0.001N13014 (46.7)16 (53.3)LVIAbsent10598 (93.3)7 (6.7)\<0.001Present173 (17.6)14 (82.4)Tumor budding (10 HPFs)02926 (89.7)3 (10.3)0.0121--156557 (87.7)8 (12.3)\>152818 (64.3)10 (35.7)[^1][^2] Figure 1Morphological assessment tumor budding and desmoplastic reaction of the primary tumor (H&E staining). (**A**) a CxSCC with high tumor budding activity in the myxoid stroma; (**B**) a CxSCC with mature DR; (**C**) a CxSCC with intermediate; (**D**) a CxSCC with immature (original magnification ×200).

Associations Between Stromal Features and Distant Metastasis {#S0003-S2003}
------------------------------------------------------------

The associations between distant metastasis and stromal features are summarized in [Table 2](#T0002){ref-type="table"}, and an example of DR is presented in [Figure 1](#F0001){ref-type="fig"}. Our results revealed that there was a statistically significant relationship between distant metastasis and DR. Specifically, immature stroma was more common in tumors of distant-metastasis group (8 of 19; 42.1%), while mature and intermediate stroma were more predominant in tumors without distant metastasis. Further, the number of VASH1-positive microvessels, the VASH1/CD31 ratio, and CAFs levels were significantly higher in distant-metastasis group than those in without distant-metastasis group (*P* = 0.027, *P* = 0.004, *P* = 0.003, respectively) ([Figure 2](#F0002){ref-type="fig"}).Table 2Univariate Analysis Results for Stromal Features for Predicting Distant MetastasisCharacteristicsAll PatientsDM*P* valueAbsent No. (%)Present No. (%)DRMature9887 (88.8)11 (11.2)0.002Intermediate53 (60.0)2 (40.0)Immature1911 (57.9)8 (42.1)CAFHigh6560 (92.3)5 (7.7)0.003Low5741 (71.9)16 (28.1)VASH1 statusMean ± SE15.34 ± 0.8114.20 ± 0.7215.61 ± 0.920.027Nestin statusMean ± SE14.63 ± 1.7214.91 ± 1.9314.48 ± 1.010.483CD31 statusMean ± SE25.11 ± 0.9726.06 ± 1.0323.40 ± 0.870.131VASH1/CD31Mean ± SE0.61 ± 0.010.56 ± 0.010.66 ± 0.010.004Nestin/CD31Mean ± SE0.66 ± 0.060.68 ± 0.060.62 ± 0.070.761Nestin/VASH1Mean ± SE0.92 ± 0.320.96 ± 0.350.87 ± 0.270.848[^3][^4] Figure 2Immunohistochemical detection of the stroma features in cervical squamous cell carcinoma tissues. (**A, B**) CD31-positive and VASH1-positive vessels in the intratumoral stroma; (**C, D**) CD34-positive and SMA-positive fibroblasts in tumor-adjacent stroma (original magnification ×200).

Association Between Stromal Features in CxSCC and Patient Survival {#S0003-S2004}
------------------------------------------------------------------

Kaplan--Meier curves and Log-rank test were used to analyze DMFS rates of the CxSCC patients after they were stratified according to stromal features and clinicopathological parameters ([Table 3](#T0003){ref-type="table"}) ([Figure 3](#F0003){ref-type="fig"}). Findings from this analysis demonstrated that there was a significant relationship between distant metastasis and TNM stage, LVI, LNM, tumor budding, DR, CAFs, VASH1-positive microvessels, and VASH1/CD31. Additionally, the presence of LVI (hazard ratio \[HR\], 6.187; 95% confidence interval \[CI\]: 2.042--21.796), LNM (HR, 5.770; 95% CI: 1.427--23.395), tumor budding (HR, 2.782; 95% CI: 1.372--5.891), and DR (HR, 2.363; 95% CI: 1.081--5.173) were independent determinants of patient survival in the multivariate Cox regression model.Table 3Univariate and Multivariate Analyses of Distant Metastasis-Free Survival for Patients with Cervical Squamous CarcinomaDMFSDMFSHR95% CI*P* valueHR95% CI*P* valueLVI2.9002.1095.589\<0.0016.1872.04221.7960.001LNM4.9003.3026.498\<0.0015.7701.42723.3950.001TNM stage3.4532.4526.789\<0.001--------Tumor budding6.9235.4697.4810.0052.7821.3725.8910.007DR5.4924.7236.8760.0022.3631.0815.1730.027CAF7.6296.4697.3780.006--------VASH16.2596.3197.3380.015--------VASH1/CD316.5295.4517.3680.011--------[^5][^6] Figure 3Kaplan--Meier curves of distant metastasis-free survival of patients with cervical squamous cell carcinoma. (**A**) DR; (**B**) CAFs; (**C**) VASH1-positive ratio; (**D**) VASH1/CD31 ratio.

Discussion {#S0004}
==========

In this study, we analyzed the impact of prognostic predictors on metastasis and survival in patients with CxSCC. Our results demonstrated that immature stroma, MVD, and CAFs in CxSCC were directly correlated with aggressive features; LVI, LNM, TNM stage, DR, VASH1-positive microvessels, the VASH1/CD31 ratio, and CAFs were significantly correlated with DMFS in patients with CxSCC; LVI, TNM stage, LNM, and DR were independent predictors of poor DMFS in this cohort.

Additionally, our data revealed that DR categorization could stratify the risk of recurrence in this cohort of patients. Specifically, the accumulative distant metastasis rate at 5 years postoperatively ranged from 11.2% to 42.1%. The patients with mature stroma have favorable prognosis, while the immature stroma have most unfavorable prognosis. These results confirmed with previous studies that evaluated cohorts of patients with CxSCC at different stages.[@CIT0020] Our results suggest that the prognostic power of DR categorization may be independent from the anatomical extent of the disease.[@CIT0021],[@CIT0022] Notably, DR categorization was an independent factor for the prediction of survival in the current study.

Few studies have focused on the morphological variations of the stroma pattern in CxSCC histopathology. The DR categorization method, in this study, was based on the reaction components, and the fibrotic environment in front of tumors is dynamic. Additionally, both mature and immature stroma are histological features that represent the status of ECM remodeling that occurs when the tumor cell has the potential to disseminate or metastasize.

The molecular basis of the association between poor outcomes and unfavorable DR categories has not been clarified in patients with CxSCC. Previous studies have revealed that immature stroma are associated with higher activity of tumor budding.[@CIT0011],[@CIT0022] The tumor dedifferentiation phenotypes at the invasive border are a morphologic feature of epithelial-mesenchymal transition (EMT)[@CIT0023],[@CIT0024] which is a vital molecular mechanism that allows tumor cells to obtain the ability to invade, survive, and metastasize.[@CIT0023] Therefore, CAFs in tumors with immature stroma may regulate the tumor microenvironment through releasing various types of growth factors, cytokines and chemokines that enhanced EMT and subsequently drive metastasis. CAFs accumulate in the tumor microenvironment, they are activated by the surrounding growth factors and cytokines, such as TGF-β, MCP1, platelet-derived growth factor, fibroblast growth factor, and secreted proteases.[@CIT0008],[@CIT0025] Following activation, CAFs secreted growth factors that promote tumorigenesis.[@CIT0026] Additionally, CAFs also produce pro-inflammatory factors that activate NFκB signaling to promote tumorigenesis.[@CIT0027] In contrast, the DR correlated with the immune microenvironment; that is, previous studies revealed that immature stroma correlated with less angiogenesis[@CIT0028] and could be a barrier to immune cell infiltration.[@CIT0011],[@CIT0012],[@CIT0028] It is recognized that CAFs and ECM generated a physical barrier to immune cell infiltration into tumors.[@CIT0029]

CAFs enhance a "mesenchymal-like" phenotype and promote metastasis of neoplastic epithelial cells, whereas the normal fibroblasts confer an "epithelial-like" phenotype and suppress metastasis.[@CIT0030] It indicates that CAFs are a totally distinct cell type from normal fibroblasts that have potent effects on tumorigenesis.[@CIT0031] Confirmed with earlier studies, our current data demonstrated that CAFs and myxoid stroma were unfavorable predictors of DMFS in CxSCC patients, while fibroblastic stroma was a favorable predictor of DMFS. Currently, there are no effective histological methods to distinguish heterogeneous populations of CAFs; however, DR categorization may be used as a histopathological method that helps verify the heterogeneity of CAFs, and this method may be utilized in CxSCC treatment.

Nestin is an intermediate filament protein and expressed in newly formed vessels. Nestin also expresses in pericytes around microvessels.[@CIT0007] Pericytes are essential in maintaining the stability of the vessel because they support the vascular walls.[@CIT0032] In this present study, MVD was significantly higher in T1b group than that in T1a group; however, the nestin-positive ratio was significantly lower in N1 group than that in N0 group. Further, intratumoral microvessels that are not surrounded by pericytes have higher permeability and lower vulnerability.

Our study had several limitations. Firstly, it is a single-center retrospective study with small cohort size and, therefore, the statistical power was limited. Secondly, we only evaluated stromal features such as DR, CAF, and MVD in CxSCC despite the fact that those stromal features may also be critical prognostic factors in surgically resected adenocarcinomas. Therefore, more studies should include cervical cancer with more histologic types. Finally, our study focused on identifying the top predictor for distant metastasis; however, the generalizability of current results is unclear. Therefore, further studies for validation are required.

VASH1 is an anti-angiogenic factor that was derived from endothelial cells.[@CIT0005],[@CIT0006] Our results showed that the VASH1-positive ratio and the VASH1/CD31 ratio were directly correlated with unfavorable DMFS. Therefore, our data suggest that VASH1 may be a value predictor of anti-angiogenesis therapy for patients with CxSCC. However, further studies in vitro are needed to confirm these speculations.

Conclusion {#S0005}
==========

Our data highlights the prognostic value of histopathological examinations of stromal features for distant metastases. By reproducible multivariate model risk analysis, our results provided a robust model for survival stratification. Furthermore, these data provide evidence for the production of the novel histopathological predictor that improves DMFS prediction in CxSCC patients and may eventually improve the standard histological practices.
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[^1]: **Note:** Statistical analysis was conducted by Mann--Whitney *U*-test and Fisher exact test.

[^2]: **Abbreviations:** TNM, tumor-node-metastasis; T, tumor; LVI, lymph-vascular invasion; HPFs, high-power fields DM, distant metastasis.

[^3]: **Note:** Statistical analysis was conducted by Mann--Whitney *U*-test and Fisher exact test.

[^4]: **Abbreviations:** DR, desmoplastic reaction; CAF, cancer-associated fibroblasts; VASH1, vasohibin-1; SE, standard error; DM, distant metastasis.

[^5]: **Notes:** Statistical analysis was conducted by Log-rank tests and Cox proportional hazards model.

[^6]: **Abbreviations:** LVI, lymph-vascular invasion; LNM, lymph node metastasis; TNM, tumor-node-metastasis; DR, desmoplastic reaction; CAF, cancer-associated fibroblasts; VASH1, vasohibin-1; CI, confidence interval; HR, hazard ratio; DMFS, distant metastasis-free survival.
